In the model for the ionization energies of the C I-electrons in saturated hydrocarbons, put forward by Heilbronner et al., the energy levels are calculated as eigenvalues of the line graph of the hydrogen-filled molecular graph. It is now shown that in the case of alkanes, these energy levels are related to the Laplacian eigenvalues of the molecular graph. A few rules are formulated, relating these ionization energies with molecular structure.
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In theoretical organic chemistry, graph spectra 1,2 are traditionally used for the description of π-electrons in unsaturated conjugated molecules. 3 Eventually, the BDHS model found numerous applications and was further elaborated. 7, 9, 1520 However, a detailed analysis of the dependence of the (calculated) features of the HEB on molecular structure has not been undertaken so far.
The present work is a contribution towards filling this gap.
GRAPH THEORETICAL CONNECTIONS
As a direct consequence !`# of relation (1), the C I -electron energy levels are of the form '`
Now, in order to apply formula (2) to a given alkane, the eigenvalues of the line graph of the respective hydrogen-filled molecular graph (cf. Fig. 1 ) have to be determined. Of interest are the eigenvalues greater than 1. Consider the hydrogen-filled molecular graph G of an alkane with n carbon atoms. This graph has 3n + 2 vertices and 3n
Denote the eigenvalues of L(G) >O N E , E = 1,2,..., 3n + 1, and assume that
In the Appendix, it is demonstrated that in the case of alkanes, for j = 1,2,...,3n +1,
..,O !n+1 are the non-zero Laplacian eigenvalues of the molecular graph.
The importance of relations (3) is twofold. First, the calculation of the Laplacian eigenvalues of an alkane graph is somewhat easier than the calculation of the ordinary eigenvalues of the line graph of this graph. Second, it is much simpler to envisage the dependence of O E on molecular structure than the dependence of N E on molecular structure (which, however, must be precisely the same).
NUMERICAL WORK
The Laplacian eigenvalues of all alkanes with up to 10 carbon atoms (methane, ethane, propane, 2 butanes, 3 pentanes, 5 hexanes, 9 heptanes, 18 octanes, 35 nonanes and 75 decanes) were calculated. These are available from the authors upon request. The Laplacian eigenvalues, relevant for the HEB of some selected members of the decane family, are given in Table I . Based on these calculations, a few general rules for the dependence of the HEB of alkanes on molecular structure were established. These are formulated in the subsequent section.
RESULTS AND DISCUSSION
The rules below were obtained by analyzing the calculated Laplacian eigenvalues, corresponding to alkanes. The rules are stated in terms of the C I -electron energies (-j , Eq. (2)). They are strictly valid within the BDHS model, but, of course, have a direct correspondence to experimental photoelectron spectra. &
In the following, isomeric alkanes with the formula C n 0 n+2 will be referred to as C n -alkanes. Rule 1. -LAHO + n -alkane has exactly n + I -electron energy levels lying below the degenerate α`β manifold.
[In other words, the respective hydrogen-filled molecular graph has exastly n Laplacian eigenvalues greater than +1.] Rule 2. The energy gap between the degenerate α`β manifold and the next lower energy level is remarkably large and in all cases studied (E.e., for all alkanes C n 0 n+2 MEJD n ≤ 10) exceeds 1.2 |β|. This energy gap is a decreasing function of n and also decreases with increasing extent of branching of the molecular skeleton.
Rule 3. The width of the high-energy band in the photoelectron spectra of the C n -alkanes increases with the increasing extent of branching of the molecular skeleton. The minimal bandwidth is found in the normal (unbranched) alkane, whereas the maximal bandwidth is observed in the most branched alkane isomer.
Rule 3 is illustrated by the data given in Table II .
Some particular numbers frequently occur among the Laplacian eigenvalues of alkanes and can be directly related with certain structural features thereof. Lemma. For 6 being a tree with N vertices, the equality NE L(T)) = OE6) 2 holds for E = 1,2,...,N 1.
Proof. Denote the vertices of 6 >O υ, υ ,....,υN and its edges by A, A ,...,AN1. Color the vertices of 6 in two colors, say black and white, so that no two vertices of the same color are adjacent. Direct the edges of 6 so that they all start at a black and end at a white vertex.
Define the matrix 3 = ||Qij|| as follows: 
